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Abstract 
Stress is an external event or condition that places a strain on a biological system. The animal 
response to stress involves the expenditure of energy to remove or reduce the impact of stress. 
This increases the maintenance requirements of the animal and results in loss of production. The 
biological response to stress is divided into acute and chronic phases, with the acute phase 
lasting hours to a few days, and the chronic phase lasting several days to weeks. The acute 
response is driven by homeostatic regulators of the nervous and endocrine systems and the 
chronic phase by homeorhetic regulators of the endocrine system. Both responses involve 
alterations in energy balance and metabolism. The thermal environment affects all animals and 
therefore represents the largest single stressor in animal production. Other types of stressors 
include housing conditions, overcrowding, social rank, disease, and toxic compounds. 
"Acclimation" to stress is a phenotypic response developed by the animal to an individual 
stressor within the environment. Acclimation is a homeorhetic process that takes several weeks 
to occur and occurs via homeorhetic, not homeostatic, mechanisms. It is a phenotypic change 
that disappears when the stress is removed. Milk yield and reproduction are extremely sensitive 
to stress because of the high energy and protein demands of lactation and the complexity of 
the reproductive process and multiple organs that are involved. Improvements in the protection 
of animals against stress require improved education of producers to recognize stress and 
methods for estimating the degree of stress on animals. 
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1. Introduction 
In 1936, Hans Selye first introduced the concept of stress as 'the non-specific response of the 
body to any demand," and many attempts consecutively have been made to clarify its 
meaning (Friend, 1991). However, the definition remains confusing and the word is used in 
different ways in different contexts. As pointed out by Schulte (2014), the changeability in the 
definition of stress might be due to the fact that researches related to stress have been 
developed more or less independently across different fields of biology, with considerable gulfs 
between two groups of the researchers; one interested in the biomedical perspective of stress, 
and another interested in the stressors' effects in natural populations (Bijlsma and Loeschcke, 
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2005; Boonstra, 2013). For consistency, we will define stress as an “external event or condition.” 
We will further define a stressor as the component of the environment that places a strain on a 
biological system. Examples of stressors are shown in Table 1 and include the thermal 
environment, management, social interaction, environmental contaminants, and disease, to 
name a few. Stress is the intimidation to homeostasis because the maintenance requirements of 
domestic animals are always increased by stress. Since energy demands can alter animal 
production, this review is being restricted to "external challenges that require a change in 
maintenance output to meet the challenge." Brody (1956) reviewed critically how the basal 
metabolism is affected by the thermal environment. Stress increases the maintenance 
requirement which is really a concern to animal production systems because it raises costs, 
lowers efficiency, and consequences to poor profitability of an animal enterprise. The reason 
stress enhances the cost of maintenance is that energy must be exhausted to come back the 
animal to the homeostasis of body function. As it is not possible physically to expend this energy 
from net energy for maintenance, net energy for production is the must source for this energy. 
The "lower critical temperature" is that environmental temperature, below which extra heat is 
produced in the body to maintain thermostatic condition, was first predicted by Kleiber (1961) 
and established by Hamada (1971). Berman et al. (1963, 1985) confirmed the upper level of 
environmental temperature, above which, heat-storing is started in body and milk yield is 
started to decrease. This review focuses on the key opportunity for the future to improve our 
ability to identify and measure levels of various stressors and their impact on animals to develop 
strategies to reduce the effects of those stressors on dairy animals.  
 
2. Stress Response 
Animals show a response to stress that includes alterations in behavior, metabolism, and 
physiology at different levels of vertebral structure extended from subcellular to the entire 
animal (Collier and Gebremedhin, 2015). The stress response can be classified into two 
conditions: acute and chronic (Friend, 1991). The acute response of stress can last in the animal 
from a few minutes following the beginning of the stress to a few days (Horowitz, 2001). Various 
receptors initiate the activation of the acute response that responds to alterations in the 
environment (Collier and Gebremedhin, 2015; Figure 1). In the afferent pathways for stress, this 
information is transmitted to the central nervous system, including setpoints controlling sites, the 
thalamus and hypothalamus, as well as to the cortex for perception. These centers then act as 
a switch to various efferent pathways for affecting response to the environment. The autonomic 
nervous system drives the acute response promoting the catecholamines and glucocorticoid 
release, which change metabolism and trigger the activation of transcription factors 
concerned in the acute response. On the other hand, the endocrine system is responsible to 
drive chronic response to stress and is associated with deflected receptor populations, altering 
the sensitivity of tissue to homeostatic signals and turning the fate to a new physiologic state 
(Bligh, 1976; Bauman and Currie, 1980). The term "heterostasis” was first coined by Selye (1946) 
to explain the process of acquiring a new equilibrium condition following a stressor exposure 
(Fink, 2009). The term “rheostasis” was coined by Mrosovsky (1990) to highlight that the setpoints 
for homeostatic regulation may differ according to environments or seasons, and the term 
"enantiostasis" was first introduced by Mangum and Towle (1977) for referring a situation in 
which numerous physiological factors are varied to keep up the overall functional ability of a 
system. The idea of maintaining functional homeostasis is emphasized by the previously 
mentioned concept that may require dynamic alterations in a variety of parameters. In 
accordance with an individual stressor, an animal generates a phenotypic response known 
generally as "acclimation to stress", within the environment. However, it is unusual for only a 
single environmental variable under natural conditions to change over time. Acclimatization is 
the process of adapting an animal to different stressors within its usual environment (Bligh, 1976). 
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Evolutionary adaptations or natural selection, therefore, are not referred by acclimation and 
acclimatization, those are defined as alterations in an animal's phenotype through the 
preferential selection and are based on the transmission of a genetic component to the next 
generation. If environmental stressors are removed, acclimated animals will return from their 
altered phenotype to normal, however, this statement is not correct for animals that are 
adapted to their environment genetically (Collier et al., 2004). Several weeks are required for 
the occurrence of acclimatization, and through close examination of this process, it is revealed 
that it occurs via a homeorhetic mechanism and not via homeostatic mechanisms. As 
described by Bligh (1976), between acclamatory responses and homeostatic or "reflex 
responses", there are three functional differences. First, a much longer time is taken for 
acclimatory response to occur (days or weeks against seconds or minutes). Second, 
acclimatory responses usually comprise a link in the hormonal pathway from the central nervous 
system to the effector cell. Third, in response to the environmental changes, the ability of an 
effector cell or organ is altered by the acclimatory effect. Bauman and Currie (1980) also 
described acclimatory response as a homeorhetic mechanism and Bauman (2000) revisited it 
and the net effect is to harmonize metabolism to reach a new physiological state. Thus, in 
winter, animals that are adapted seasonally, are metabolically different than in summer. These 
characteristics of acclimation were incorporated into the concept of "homeorhesis" defined as 
"orchestrated changes for priorities of a physiological state" by Bauman and Currie (1980). The 
concept evolved from considering the regulation mechanism of physiological processes during 
pregnancy and lactation, however, the general concept has been expanded for its 
application to include even, pathological conditions followed by various physiological states, 
environmental situations, and nutrition. Chronic nature of homeorhetic controls is its key feature 
(most examples require seconds and minutes for homeostatic regulation whereas, homeorhetic 
controls require hours and days) and its simultaneous effect on various tissues and systems that 
consequences in a general coordinated response, which is negotiated through homeostatic 
signals from altered responses (Vernon, 1988; Bell and Bauman, 1997). 
 
Table 1. A partial list of types of stressors and biological responses 
 
Stressor Symptom Physiological system activated or inhibited 
Heat Elevated body temperature 
Heat loss mechanisms increased; decreased 
phagic drive 
Cold Reduced body temperature 
Heat gain mechanisms enhanced; heat loss 
mechanisms reduced; feed intake 
enhanced 
Infection Elevated body temperature 
Immune system activated; decreased 
phagic drive; hypothalamic body 
temperature setpoint altered 
Poor housing Increased lameness 
Hypothalamic-pituitary-adrenal axis 
activated; reduced phagic drive 
Poor nutrition 
Deficiency symptom varies 
with 
nutrient 
Mobilization of nutrient reserves; activation of 
pituitary-adrenal axis; altered 
behavior 
Environmental Hepatotoxicity 
Liver function reduced; multiple organ 
damage; hypothalamic-pituitary-adrenal 
axis activated 
Social Altered behavior 
Feed intake reduced; hypothalamic-
pituitary-adrenal axis activated 
Source: Collier and Gebremedhin, 2015 and Chebel et al., 2016 
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Figure 1. Schematic representation of stress response pathways 
 
3. Conclusion 
The thermal environment is the most important ecological factor determining the growth, 
development, and productivity of domestic animals. Routes of energy exchange (sensible heat 
and latent heat) between animals and their environment are greatly influenced by body 
weight, fat deposition, hair-coat properties, functional activity, and a number of sweat glands, 
as well as the presence or absence of anatomical respiratory countercurrent heat exchange 
capability. Differences in these anatomical features across species have led to specialization of 
heat exchange. Thermal plasticity and degree of acclimation are critical factors determining 
the ability of animals to respond to environmental change. Increases in the productive 
capability of domestic animals can compromise thermal acclimation and plasticity, requiring 
greater investments in housing systems that reduce the variability of the thermal environment. 
The combination of steadily increasing metabolic heat production as domestic animal 
productivity increases and a rising world temperature poses ongoing and future challenges to 
maintaining the health and well-being of domestic animals. 
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